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by virtue of their convergence, productivity, facile execution and high yield 1 . Applications of MCRs in drug discovery, material sciences, natural product synthesis, and ligand and biological probe preparations further prove the power of this reaction 2, 3 . Combining the aspects of MCRs with heterogeneity and catalysis would reinforce the "greenness" of the reactions. Furthermore, the demand for environmentally benign procedures promoted the use of heterogeneous catalysts to achieve. Heterogeneous catalysts are always superior to their homogeneous counterparts in terms of many aspects such as effective catalyst handling, easy isolation of products, reusability, environmental compatibility and high selectivity. Therefore, introducing clean processes and utilizing ecofriendly and green catalysts, which can be simply recycled at the end of reactions, have been under permanent attention.
One of the key principles of green chemistry 4 is to eliminate the use of hazardous solvents and their replacement with environmentally benign solvents. Water emerged as a unique alternative solvent for several organic reactions owing to many of its potential characteristics such as safety, economy and environmental concerns 5 . In some cases the strong hydrogen bonding ability of water leads to higher reactivity and selectivity in comparison to other conventional organic solvents 6, 7 .
Spirooxindole fragments are found in a large number of natural products and medicinal agents 8 and a great deal of attention has been paid to them due to their structural relevance with bioactive molecules 9 . Since the creation of a quaternary center is considered a difficult task in synthetic organic chemistry, the spirooxindole synthesis becomes more challenging 10 . Among the "drug-like" small molecules, due to exclusivity of biological modes of action and the therapeutic promise of spirooxindoles, the development of innovative approaches to their synthesis is rapidly growing 11 .
In this work an attempt has been made to synthesize spirooxindole derivatives in the presence of SBA-Oxime-Zn as a heterogeneous catalyst in water.
RESULTS AND DISCUSSION
Initially, the SBA-15 was allowed to react with excess of thionyl chloride under reflux conditions, to afford the corresponding surface chlorinated SBA-Cl [12] . Picolinaldehyde oxime was used for organic modification of SBA-15 surface. Finally, silica immobilized zinc complex was prepared by stirring the appropriate silica support with solution of ZnCl 2 in toluene at room temperature. The tentative structure of the catalyst is shown in Scheme 1. The catalyst structure was characterized by FT-IR spectroscopy, thermo gravimetric analysis (TGA), and atomic absorption spectroscopy. The FT-IR spectra of SBA-15, SBA-oxime and SBA-OximeZn are shown in Fig. 1 . In all spectrums, the typical Si-O-Si bandsaround 459, 811 and 1023cm -1 associated with the formation of a condensed silica network. The FT-IR of SBA-oxime shows peak due to C=N around 1636 cm "1 , which on complexation with zinc shifts to lower value (1619 cm "1 ) [1] . The lowering in frequencies of the C=N peak is indicative of the formation of metal-ligand bond. 
Fig. 3: Recyclability of catalyst
The thermal stability of the prepared sample was investigated by a TGA method. The thermogram obtained for the SBA-oxime-Zn is presented in Fig. 2 . The TGA profile was characterized by weight loss till 220° C and the catalyst showed good thermal stability. The zinc content of the catalysts was estimated to be 0.17 mmol g -1 by atomic adsorption spectroscopy.
After characterization of the catalyst, its catalytic efficiency has been systematically studied in the rapid and green preparation of spirocyclic oxinoldes in water through a multi-component reaction. For this purpose, in a prototype experiment, we focused on a three-component reaction of isatin 1a, 1,3-indandione 2 and 4-aminouracil 3a as a model reaction (Table 1) . To establish our optimum conditions, different solvents, temperatures and catalyst amounts were investigated. As can be seen from Table 1, the best result was obtained with a 0.1 g catalyst in refluxing water.
With the optimized reaction conditions in hand, a series of indeno-fused spirooxindoles were prepared via three-component reaction of isatins, 1-3-indandion and 4-aminouraciles and variety of the desired products were obtained in good yields for 30 minutes ( Table 2 ).
The reusability of the catalyst in the reaction of isatin, 1,3-indandione and 4-aminouracil in refluxing water was evaluated. In this procedure, upon completion of the reaction, the mixture was cooled to room temperature and the crude product was filtered off and hot ethanol was added. Then, the catalyst was filtered and washed with ethanol, dried at 60 o C for 4 h and reused. The catalyst can be reused for up to three cycles without significant loss in its activity (Fig. 3) .
MATERIALS AND METHODS
The chemicals were purchased from Fluka AG, Merck, and Aldrich companies and used without further purification. FTIR spectra were obtained using a BOMEM MB-series FT-IR apparatus using KBr pellets. 
Synthesis of SBA-Cl
To an oven-dried (120 °C) SBA-15 (10 g) in around bottomed flask (250 mL) equipped with a condenser and a drying tube, was added thionyl chloride (40 mL) and refluxed for 48 h. The excess of thionyl chloride was distilled off. The resulting white-greyish powder was flame dried and stored in a tightly capped bottle.
Synthesis of oxime-grafted SBA-15 (SBA-oxime)
Organic modification of SBA-Cl has been performed by stirring 0.5 g of SBA-Cl with picolinaldehyde oxime (1.5 mmol, 0.18 g) in dry ethyl acetate (10 mL) at room temperature for 48 h. The SBA-Oxime as cream solid was filtered and washed thoroughly with copious amount of ethyl acetate, chloroform and acetone. Then, the SBAoxime was dried at 60 o C for 5 h.
Preparation of SBA-oxime supported copper catalyst (SBA-oxime-Zn)
SBA-oxime supported zinc catalyst was prepared by stirring the SBA-oxime support (0.5 g) with a solution of the ZnCl 2 (0.5mmol) in dry toluene (10 mL) at room temperature for 24 h. The cream solid was filtered, and washed with acetone and methanol. The SBA-oxime-Zn was dried at 50 o C for 5 h.
General procedure for the preparation of spirooxindoles
A mixture of isatin 1 (1 mmol), 1,3-indandion 2 (1 mmol), aminouracil 3 (1 mmol) and SBA-oxime-Zn (0.1 g) was heated in refluxing water (5 mL) for appropriate time (Table 1) . The reaction was monitored by TLC (n-hexane-ethyl acetate 1:1), and after completion of the reaction, the reaction mixture was filtered for separation of solid product and catalyst from water. The remaining solid was washed with ethanol (2×10 mL) for separation of the product from the catalyst. Finally, the product was purified by recrystallization in hot EtOH. The desired pure products were characterized by comparison of their melting point data with literature.
All the products are known compounds and their melting points are compared with reported values [14] . Some selected samples were also characterized by IR and NMR spectroscopic data. ): 3358, 3232, 1737, 1699, 1647, 1603. 1 H NMR (300 MHz, DMSO-d 6 ): δ H (ppm) 3.15 (3H, s, CH 3 ), m, 10.70 (1H, s, NH), 10.90 (1H, s, NH 
CONCLUSION
To summarize, we have successfully immobilized the Zinc complex on SBA-15 matrix via covalent bond. The catalyst as shown excellent catalytic activities in condensation reaction of isatin, 1,3-indandion and enamine compounds. The promising points of this method are clean reaction protocol, short reaction times, simplicity in operation, high catalytic activity and good recyclability of the catalyst. Above all, because some of the existing catalytic methods suffer from lack of stability and recoverability in aqueous medium, the improvement of a catalytic system that is not only stable toward water but also easily recyclable is highly desirable.
